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Abstract

BLOOD FLOW DURING EXERCISE IN PREGNANT GUINEA PIGS
by Marjorie Correll Sladek

Recent investigations have shown decreased fetal weight in preg
nant animals who were exercised regularly during pregnancy (Gilbert;
Nelson; Longo, 1979; Terada, 1974).

The purpose of this experimental

study was to investigate fetal weight gain and measure blood flow in preg
nant guinea pigs who were exercised 45 minutes per day; and thus answer
the hypothesis that prolonged maternal exercise will cause decreased
weight gain and decreased placental blood flow during pregnancy.
Twenty pregnant guinea pigs were exercised 15 minutes three times
daily from 10 days gestation to approximately 60-62 days gestation (67
days being term) and were compared with 19 control animals who were not
exercised.

Blood flow analysis via microsphere technique was taken dur

ing exercise and at rest.

At near term, catheters were placed in the

left femoral artery and left ventricle of the guinea pig.

Radionuclide

microspheres were injected into the left ventricle at rest and after three
minutes of treadmill running.

After disection, the organs were weighed.

carbonized and placed in a gamma counter to measure microsphere concentration.

This study showed significant decreased fetal weight, and signi-

ficant blood changes as a result of maternal exercise of 45 minutes per
day.

After three minutes of continuous exercise, blood flow to exercising

muscles increased threefold in both experimental and control animals.
Blood flow to the gastrointestinal tract decreased 40 percent in the

experimental group and slightly more in the control group.

Uterine

and spleenic blood flow decreased approximately 50 percent in both groups
after three minutes of maternal exercise.

Blood flow to the kidney

decreased by 45 percent in the control group and 20 percent in the experimental group.

Blood flow to the brain and heart, while demonstrating

slight increases, remained relatively constant in both groups.
This study concluded that with maternal exercise of 45 minutes
per day in guinea pigs, there was a significant decrease in fetal weight
and decreased placental blood flow during exercise.

The results of this

study suggest a need for moderation in exercise during pregnancy.
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Chapter I
The Problem

Introduction and Need for the Study

Currently, exercise and physical fitness are widely promoted for
achieving and maintaining good health.

Jogging, bicycle riding, cross

country skiing and other aerobic exercises have become popular activities.
Some reports indicate that populations with high levels of physical act
ivity tend to have a lower incidence of cardiovascular disease although
this conclusion has not been proven (Seheur; Tipton, 1977).

Background of the Problem
Due to increased emphasis on daily aerobic activity, there is a
trend to encourage this same exercise during pregnancy.

At present, there

is no consensus about the effect of prolonged physical activity on the
fetus or the mother during pregnancy.

In a culture that promotes daily

strenuous activity, the effects of exercise have important implications
for pregnant women.
Recent animal studies show that exercise throughout pregnancy may
lead to decreased fetal weight, (Nelson; Gilbert; Longo; 1979; Terada,
1974) and compromised umbilical circulation (Emmanouildes; Hobel;
Yashiro; Klyman, 1972).

Studies on exercise during pregnancy in humans

have been limited due to the implications of experimental studies during
pregnancy. Human studies on exercise during pregnancy have utilized mild
forms of exercise and therefore, cannot validate the theory that prolonged
strenuous physical activity is harmful to the fetus.
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Statement of the Problem
Decreased fetal weight has been found in previous animal studies.
but the causal mechanism has not been determined.

Blood flow analysis

after injection of radionuclide microspheres was utilized to determine
the amount of shunting that occured in maternal organs from exercise.
If umbilical or placental shunting occurs in animals, there may be impli
cations for humans, although no direct application can be made.

Due to

ethical implications of research in pregnant humans, animals are an
excellent source ro investigate these relationships.

This animal study

utilized a true experimental research design and anlysis was done using
Duncan’s multiple range test for unequally replicated means to determine
significance with changes in blood flow (Duncan, 1957).

It was determined

to what extent, if any, blood was shunted from the placenta during exercise
with potential ischemia to the fetus.

Analysis of covariance was used

to determine significance in weight and differences of major maternal
organs and fetal weights.

Objectives
The overall objective of this study was to seek potential impli
cations from animal studies which might relate to humans.

In furthering

optimum health for the mother and newborn child, it is important that
potential hazards during pregnancy be minimized.

The specific objectives

of this study were to measure the effect of prolonged maternal exercise
on fetal and maternal weight gain, average food consumption and maternal
blood flow changes during exercise.
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Substantive Assumptions
If it is true that .
a)

• t

Prolonged physical exercise during pregnancy results in

decreased fetal weight in guinea pigs (Nelson, P.? Gilbert, R •-

f

St Longo,

L, 1979);
b)

Prolonged physical exercise during pregnancy correlates with

a decrease in placental carbon monoxide diffusing capacity in guinea
pigs (Nelson, & others, 1979);
c)

Prolonged physical exercise during pregnancy correlates with

a decrease in maternal weight gain in guinea pigs (Nelson, P, & others,
1979);
d)

Moderate levels of exercise in pregnant sheep results in a

significant reduction.in fetal PO2 (Eimnanouilides, G,, Hobel, C * »
Yashiro, K., Klyman, G., 1972);
Then
1.

• 4

•

Prolonged physical exercise in pregnant guinea pigs may show

a decrease in placental blood flow in preference for the maternal heart.
brain, and exercising muscles, and result in fetal ischemia.
2.

Blood flow to other maternal organs may also be compromised

in preference for the maternal heart, brain, and exercising muscles.

Bridging Statement
If shown that blood flow is shunted from the placenta during
heavy, prolonged exercise in guinea pigs, the possibility exists that a
similar response is found in humans.
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Theoretical Framework

The theoretical approach upon which this investigation was based
had three components:

a) recent evidence showing a decrease in fetal

weight in animals who have participated in regular, prolonged physical
activity during pregnancy, b) recent evidence showing a lower maternal
weight gain in guinea pigs' participating in prolonged physical activity.
and, c) recent investigations showing a decrease in fetal PO2 during pro
longed physical exertion of animals.
The basic assumptions and postulates for the theoretical frame
work were as follows.
Assumption 1.

Prolonged exercise during pregnancy is an addi

tional stress to the pregnancy.
Postulate 1.

The body, under severe stress, such as exercise.

will shift blood to the most vital organs, namely the maternal heart,
brain, and exercising muscles.
Postulate 2.

Blood flow to less vital organs will be shunted

away from the body under severe stress, i,e *» away from the digestive
tract, abdominal visera, and possibly the uterus.
Postulate 3.

The large muscle groups used for a particular act-

ivity will receive an increased blood supply during prolonged physical
exercise when compared to the resting state.

Deductions derived from the theoretical propositions
Some of the deductions made from the propositions were as follows:
1,

If blood flow is shunted away from the placenta during pro-

longed physical activity, inadequate fetal oxygenation would exist and
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possibly hinder adequate intrauterine growth.
2.

With increased maternal blood flow to the muscles, heart,

and brain during prolonged exercise, the weight of those organs would be
greater than those of a control group who were not in a regular training
program.

Statement of Hypothesis
1,

There will be a decrease (a=,05) in blood flow to the pla

centa in exercising pregnant guinea pigs when compared to the resting
state.
2.

There will be an increase (a=.05) in blood flow to the mus

cles of exercising guinea pigs when compared to the resting state.
3,

There will be a decrease (a=,05) in the fetal weight of the

fetus of guinea pigs exercised 45 minutes per day when compared with a
control group.
Definition of Terms
Exercised Guinea Pigs.

In this study defined as those who were

exercised for 15 minutes three times daily (45 minutes total) on a 6 per
cent uphill grade from 10 days gestation to approximately 60 days gesta
tion (67 days being term).
Scope and Delimitations of the Study
This study specifically investigated the effects of prolonged
exercise during pregnancy in guinea pigs.

Twenty pregnant guinea pigs were

exercised 15 minutes three times daily at a six percent uphill grade for
approximately 50 days and compared with a non-exercised control group.
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Maternal weights of individual guinea pigs and organs were obtained and
compared to a control group who had not exercised.

Blood flow measure^

ments via radionuclide microsphere technique were taken during rest and
during exercise and compared to the control group.

The specific maternal

blood flow measurements were taken for the brain, heart, spleen, kidney,
liver, lungs, placenta, uterus, gastrointestinal tract and exercising
muscles of the guinea pig.

Chapter II
Critical Review of Related Literature

Introduction
A review of the literature was done related to (1) physiology of
exercise, and (2) effects of exercise in pregnancy including both human
and animal studies.

Physiology of Exercise

Exercise has been, shown to be essential in maintaining and
improving all of the homeokinetic mechanisms of the body.

Training, or

improving the cardiovascular efficiency, increases the maximum stroke
volume as well as the stroke volume for a given workload so that adequate
cardiac output can be achieved with a slower, more efficient heart.
In general, and with respect to intensity of exercise, it is felt
three to four sessions per week for 30~40 minutes per session at an
intensity of 50-60 percent maximal oxygen uptake will improve cardio
respiratory performance.

This amounts to heart rates of at least 130-150

beats per minute (Scheuer, J.; Tipton, C.,1977; Pollock, M.; Wilmore,
J.; Fox, S., 1978).
Central circulatory adaptations are made during exercise which
increases the maximal aerobic capacity and enhances beneficial circulatory regulation.

Since oxygen is the ultimate ingredient for the proper

functioning of most living organisms, an increase in maximum uptake would
seem beneficial.

A persons’ maximal oxygen uptake during a given type of
1
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dynamic exercise is that elicited at a work intensity that can be sus
tained for at least 2.5-3.0 minutes, but will lead to complete exhaustion
after 5-10 minutes.

This maximal uptake is limited by the oxygen supply

to the working muscles.

Clausen found that in 44 healthy young and middle

aged men and women, oxygen uptake and cardiac output in pre and post
training values were an average of 12 and 13 percent higher after training
(Clausen, J

* j

1977) .

Another important mechanism in exercise is oxygen debt; the
mechanism that enables the body to live temporarily beyond its capacity
for transporting oxygen to active muscles and to compensate after exercise.
The ability to withstand oxygen debt is related to the ability of the
blood to absorb acid metabolic products without a dramatic change in its
acidity.

Marathoners in good physical condition can cover distances with

a relatively small oxygen debt.

This is due to the body’s ability to

acquire a "steady state", or the ability to work without an oxygen debt
(Chapman, C »> Mitchell, J,, 1965).
In addition to oxygen, hemoglobin is a major link in adapting to
exercise.

The hemoglobin’s ability to transport and deliver oxygen resides

in its iron atoms.

The accumulation of carbon dioxide and acid metabolic

products stimulate the release of oxygen by hemoglobin.
may be the increase in temperature of the active muscles.

Also involved
The muscle cell

itself is able to withstand oxygen deprivation which makes it unique from
the brain cells which would suffer irreversible damage if deprived of
oxygen.

The myoglobin cell within the muscle is felt to be a unique

oxygen storage unit for the muscle.

It releases oxygen to the muscles
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when the oxygen pressure has fallen to ISnmiHg or less.

The oxygen pressure

in the venous blood does not fall much below 20 mmHg, (Chapman, C.;
Mithcell, J., 1965).
During heavy exercise, the body meets the increased demand for
oxygen of the muscle cells by shunting blood from most organs.

Experi

ments that have blocked preferential distribution of blood to the muscles
bring about a considerable impairment of the subject's capacity for
exertion.
control

The shunting of blood is brought on by nervous and hormonal
(Chapman, C,; Mitchell, J,, 1965).

Blood is perferentially given

to the heart, brain, and active muscles, with a decrease to the skin.
kidney, abdomen, and other organs.

Blood flow to the abdominal visera is

reduced to 20-30 percent of the resting value during maximal exercise
(Clausen, 1977) .

Effects of Exercise in Pregnancy

The main question that arises in prolonged exercise during preg
nancy is to what extent, if any, does blood shunt away from the placenta?
If shunting occurs with prolonged physical exertion during pregnancy,
fetal ischemia would possibly result.
As the blastocyst developes and embeds in the endometrium, a
layer of trophoblast cells which are on the outer surface of the blasto
cyst divide and move into the endometrial stroma, an implantation occurs.
and these substances will form the placenta and various membranes of
pregnancy.

As the trophoblast

cells divide, these send out more and

more projections which become the placental villi into which fetal capil
laries grow (Moore, 1977).
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In the feto-pla-cental unit, oxygen and carbon dioxide will be
defused from the maternal system into the fetal system without intermixing of the blood.

The mean PO2 in the mother’s blood in the sinuses

is approximately 50 mmHg. and the fetal PO2 after it becomes oxygenated
is about 30 mmHg. which produces a mean pressure gradient of about 20
mmHg, to move oxygen across the membranes.

The fetus compensates for this

low mean PO2 pressure by having a hemoglobin concentration of about 50
percent greater than that of the mother (Guyton, 1981).
The important question arising from the diffusion of oxygen is
what effect does prolonged exercise have on the oxygen concentration grad
ient for the fetus?

If blood is shunted away from the placenta during

prolonged exercise, what would be the pressure gradient moving the oxygen
across the two systems?

If blood flow decreases during prolonged maternal

exercise, fetal hypoxia could result.
Fetal hypoxia is known to occur under a variety of conditions;
i.e. smoking, high altitudes, possibly living in urban areas, and more
recently prolonged maternal exercise has been implicated.

During pregnancy

itself, maternal carboxyhemoglobin concentration is about 20 percent above
normal nonpregnant values (Longo, 1977).
Basal energy expenditure of women has been reported to increase by
13-37 percent during pregnancy (Seitchik, 1967).

The oxygen consumption

of 12 normal women was measured at monthly intervals during pregnancy and
at two, six, and twelve weeks postpartum.

These measurements were made at

rest, during steady-state exercise, and at ten minutes recovery.

During

late pregnancy there was a significant increase in exercise oxygen consump-
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tion and oxygen debt when compared to post partum values.

This study

concluded that the efficiency of performing mild muscular exercise
declines in humans during pregnancy (Pernol; Metcalf; Schlenker; Welch,
1975).

A pregnant woman doing the same work as she did before pregnancy

must use more energy and oxygen and will reach the point of fatigue
sooner.

The combined effect of exercise and pregnancy has yet to be

determined.
Yabarieva studied 27 Olympic participants during pregnancy.

His

study showed no significant problems as a result of pregnancy; however,
the women did not remain in training during the course of pregnancy, as it
was felt that the high level of activity required was not compatible with
pregnancy,

Of women who tried to conceal their pregnancy and remain in

training, 8.5 percent had disturbances during pregnancy such as pain and
bleeding, and had to withdraw from training (Zaharieva, 1972).
A study by Pomerance and Gluck looked at physical fitness and
its effect on pregnancy outcome.

Forty-one women were studied from the

35th to 37th weeks of gestation.

They were tested on a bicycle ergometer

and given a physical fitness score.
smoked 10 or less cigarettes per day.
scores differed significantly.

Thirty-two were non-smokers, and nine
None of the average physical fitness

Slim mothers tended to be more physically

fit, and physical fitness had a significant association with the length
, of labor in multiparas, but not in primiparas.
tended to have shorter labors.

Physically fit multiparas

Physical fitness did not seem to have a

significant relationship to infant birth weight, newborn length, or head
circumference.

Although this study did not mention how much exercise was

done per day, two important factors were noted; (1) pregnancy weight gain
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was highly correlated with infant birth weight (increased weight gain
resulted in increased infant birth weight), the average weight gain was
28.3 pounds, and (2) the birth weight was lower in infants born of mothers
who smoked during pregnancy, even when 10 or less cigarettes per day were
smoked.

Fetal heart rates were compared pre and post maternal exercise.

Five fetuses exhibited changes suggestive of uteroplacental insufficiency
after exercise.
Rudolph Dressendofer did a case study on a 27 year old primiparous
woman.

Her height was 170 cm,, weight was 56.8 kg, and body fat was 17.2

percent.

The study was started three months before pregnancy.

The sub

ject's history revealed excellent health and she was physically active
but had never competed in sports.

The subject ran daily throughout

pregnancy for 15 minutes with a heart rate not greater than 170 beats per
minute.

There were no fetal or maternal complications at delivery.

During lactation, this mother increased her jogging program to 10 miles
per week, and to 35 miles per week when lactation ended at 11 months postpartum.

During her second pregnancy 16 months after the first child was

bom, mileage averaged 15 miles per week from the fourth month up to
delivery,

The jogging program continued through the fourth month post

partum when the study ended.

Routine examinations by an obstetrician and

a pediatrician indicated that all aspects of pregnancy, parturition, and
lactation were normal.

These findings suggest that during normal preg

nancy and lactation, maximal oxygen uptake and endurance performance can
be improved by physical training without harmful effects on the mother or
child (Dressendorfer, R., 1978).
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R. Erkkola did a study in which 62 pregnant women, 20-26 years
old were randomly divided into a training group and a control group.
These were low-risk pregnancies with no complications during the course
of the pregnancy.

The training group was instructed to perform strenuous

exercise for one hour a day three times weekly.

Their pulse was to rise

to 140 beats per minute several times during the training hour.

The

training was to be intense enough to result in shortness of breath and
sweating.

During checkups, the women were motivated to exercise by

emphasis on the importance of good physical condition during pregnancy
and for the well-being of the fetus.

There was a significant increase

in the physical work capacity of the training group,

No disturbances in

pregnancy were found as a result of the near maximal exertion test on
healthy women in various stages of pregnancy.

The effect on the fetus

was not measured directly.
Conclusions from this study were that:

(1) the physical work

capacity improved by a regular training program during pregnancy without
endangering the course of pregnancy, and (2) the heart rate and blood
pressure readings in the training group were lower than in the control
group; however, these factors were not significantly different than the
control group (Erkkola, 1976).
The studies found showed no conclusive evidence that physical
training during pregnancy would be either beneficial or detrimental to
the fetus or the pregnancy.

Their validity is limited due to the various

extraneous variables involved with human studies.

The direct effects on

the fetus in utero were not measured nor was there specific information
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regarding the types of exercise done.

Most of the exercise performed was

not strenuous, and many of the studies involved exercise performed on a
bicycle ergometer which is a non weight bearing exercise.
Exercise in Animals

Recent investigations have shown a decrease in fetal weight in
animals who have participated in regular, prolonged physical activity
during pregnancy.

In addition to decreased fetal weight, decreases in

fetal PO2 and a lower maternal weight gain have been found.
A study on the effect of exercise on pregnant guinea pigs showed
a progressive weight decrease in coorelation to the length of time
exercised.

Guinea pigs exercised 30? 45, and 60 minutes per day had

fetuses that weighed significantly less than the control group.

In

relation to body size, the maternal brain and heart weighed significantly
more than that of the control (Nelson; Gilbert; Longo, 1979).
Mitsuyo Terada studied the effect of 30 minutes of exercise per
day on pregnant mice.

These mice were placed in groups who were exercised

from the fourth to the ninth week of age and also mid-pregnancy, or into
groups exercised from the ninth to sixteenth day of gestation, or in a
control group that was not exercised.

His study showed decreased fetal

weight among the groups trained prior to pregnancy and the group trained
mid-pregnancy as compared to the non-exercised group (Terada, 1974).
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Emmanouilides conducted a study in which 12 sheep were exercised
during pregnancy for a period of 30-60 minutes three times per week.
A hysterotomy was performed and a catheter placed into the fetal aorta
via the femoral artery.

Maternal and fetal arterial pressures, heart

rates, and blood ph, PO2 and PCO2 were monitored before exercise, at the
end of the exercise period and after a 30 minute recovery period.

The

results indicate that fetal responses to maternal exercise generally
follow those of the mother.

There was a significant increase in fetal

pH, and a decrease in fetal PCO2 at the end of exercise, which was asso
ciated with maternal hyperventilation and respiratory alkalosis.
was also a reduction in fetal PO2 with maternal exercise.

There

This study

suggests that moderately severe maternal exercise may be detrimental to
the fetus with compromise of the umbilical circulation (Emmanouilides;
1972).
Longo and others measured uterine and fetal blood flows, placental
diffusing capacity and oxygenation during maternal exercise in sheep.

It

was found that during exercise, there was an increase in O2 consumption and
cardiac output by 200 percent, and a decrease in uterine blood flow by 51
percent.

Within 10 minutes of the onset of exercise, the oxygen tension

in the fetal ascending and descending aorta decreased.
in both the trained and untrained groups.

These changes were

The weight difference between

the two groups was not significant, but the mean value of fetal weight in
the trained group was lower than that of the untrained group (Longo;
Hewitt; Lorijn; Dale; Gilbert, 1978).
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Curet did a study to determine the effect physical training had
on heart rate and stroke volume responses to exercise stress, and to
determine if exercise altered the distribution of uterine blood flow,
Five pregnant ewes were trained three weeks prior to experimentation,
and five were used as a control.

Using the microsphere technique, blood

flow to the placenta was measured after the ewes were exercised to
exhaustion.

This particular study showed no significant change in

uterine blood flow within the placenta and concluded that exercise in
healthy animals is not hazardous to the fetus (Curet; Orr; Rankin;
Ungerer, 1976).
Dhindson, Metcalfe, and Hummels studied the effect of exercise
in pregnant ewes.

They were exercised once or twice per week starting

after the 80th day of the 145 day gestation period.

Both resting cardiac

output and cardiac output during exercise during late pregnancy was
significantly higher than postpartum.

Average birth weights for twins,

triplets, and quadruplets bom to does who were exercised during late
pregnancy were smaller then matched controls.

This decrease in weight was

unexpected in view of the small amount of exercise given to these animals
(Dhindsa; Metcalf; Hummels, 1978).

Summary

As demonstrated in current studies, conflicting reports exist
on the effect of exercise during pregnancy.

Further investigation was

warranted to determine if placental or uterine shunting occured during
exercise, and what effect this had on fetal blood flow.

EFFECT OF EXERCISE IN PREGNANT GUINEA PIGS

The following article was submitted to the Department
of Perinatal Biology., Loma Linda University Medical
Center, with intent for future publication.
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Abstract

BLOOD FLOW DURING EXERCISE IN PREGNANT GUINEA PIGS
by Marjorie Correll Sladek

Twenty pregnant guinea pigs exercised 15 minutes three times
daily throughout pregnancy were compared with 19 control animals.

Near

term, catheters were placed in the left femoral artery and the left ven
tricle of the sows, and radionuclide labeled microspheres were injected
into the left ventricle at rest and after three minutes of treadmill
running.

To calculate maternal cardiac output and its distribution.

the major maternal organs were weighed, carbonized and placed in a gamma
counter to measure microsphere concentration.
Fetal weight at term decreased as a result of maternal exercise
for 45 minutes per day.

In both exercise and control groups, maternal

blood flow to the exercising muscles increased threefold during exercise
while blood flow to the uterus decreased approximately 50 percent.
Blood flow to the gastrointestinal tract decreased 40 percent in the
exercise group and slightly more in the control group.
flow also decreased by 50 percent in both groups.

Spleenic blood

In the conditioned

group, kidney blood flow decreased by 20 percent, and in the control.
45 percent.

Blood flow to the brain and heart, while demonstrating slight

increases, remained relatively constant.
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Introduction

Adaptations are made during exercise to increase the aerobic capa
city of the body and enhance circulatory regulation.

During heavy exer-

cise* the body meets the increased demand for oxygen of the muscles by
shunting blood from most other organs to the exercising muscles.

This

is brought about by nervous and hormonal control. (Mitchell, J., 1965).
Pregnancy has also been shown to cause an array of adaptations
to body function when compared to the non pregnant state.

Endocrine act

ivity, blood volume and tidal volume of respiration all increase during
pregnancy (Knuttgen, 1974).

Basal energy expenditure of women has been

reported to increase 13 to 35 percent (Seitchik, 1967).

The pituitary

enlarges significantly to account for many changes in relation to hormone
secretion, while increased blood volume and pulse rate (10-15 beats more
per minute) give rise to increased cardiac output.

To compensate for

increased heat production from metabolism during pregnancy, cutaneous
blood flow increases and thus serves to dissipate the excess heat (Pritchard;
MacDonald, 1976).

The tidal volume and minute respiration increase during

pregnancy causing a mild decreased PCOz and respiratory alkalosis (Pritchard,
MacDonald, 1976).
The combined effect of exercise and pregnancy has been the subject
of recent investigations.

Recent studies have shown a decrease in fetal

weight in animals who have participated in regular, prolonged physical
activity during pregnancy.

Fetuses of guinea pigs exercised 30, 45, and 60

minutes per day weighed significantly less than a control group.

In

relation to body size, the maternal brain and heart weighed significantly
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more than that of the control group (Nelson; Gilbert; Longo, 1979).

Terada

found decreased fetal weights and increased mortality in pregnant mice
exercised for 30 minutes per day (Terada, 1974).
R.ecent investigations provide conflicting reports related to the
effects of exercise on uterine blood flow.

Longo and others found that

in exercising sheep, there was an increase in oxygen consumption and car
diac output by 200 percent, and a decrease in uterine blood flow by 51 percent.

Within ten minutes of the onset of exercise, the oxygen tension

in the fetal ascending and descending aorta decreased (Longo; Hewitt;
Lorijn; Gilbert, 1978).

Clapp (1980) found a 28 percent decrease in the

rate of uterine blood flow and a 10 percent decrease in the rate of umbil
ical blood flow in five nontrained, near term pregnant ewes when exercised
t o exhaus tion.

There was no significant change in fetal parameters until

the animal was exercised to exhaustion (Clapp, 1980).

Orr found that

in exercising pregnant ewes, mean arterial pressure and uterine flow
remained unchanged, while cardiac output and carotid and iliac blood flow
were increased (Orr; Ungerer; Will; Wernichi; Curet, 1972).

However,

these measurements were made after the exercise period instead of during
exercise.
Emmanouilades and others demonstrated that in ewes during exercise.
the fetal descending aortic oxygen and carbon dioxide tension decreased
and Ph increased (Emmanouilades; Hobel; Yashiro; Klyman, 1972).

Longo

and others also found decreases in fetal PO2 with exercise of 20-45 minutes
duration in pregnant sheep (Longo; Hewitt; Lorijn; Gilbert, 1978).
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Methods

This investigation included a nonrandom, convenience sample of
time dated Camm Hartly guinea pigs.

Fifty-four guinea pigs at ten days

gestation were numbered, weighed, and assigned to an experimental group
of 28 guinea pigs, or to a control group of 26 guinea pigs.

The experi

mental group was conditioned by exercise on a rodent treadmill at a rate
of 9.7 meters per minute for three minutes, three times daily.

The time

per run was steadily increased until in approximately ten days the sows
exercised for 15 minutes, three times daily.

Then, on the 18th day of

exercise, the treadmill was elevated to six degrees.

They maintained

this level of exercise five days per week until the day of the experiment.
Weekly weights and food consumption were also recorded in both groups.
At 60-62 days gestation (67 days being term), the sow was anesthe
tized (ketamine- 20 mg. per kg. and a local anesthetic of 1 % Xylocaine),
and catheters were placed in the left femoral artery, and the left ventricle
via the carotid artery.

After a three hour recovery period, radionuclide

labeled microspheres of 15 micron diameter were injected into the left
ventricle at rest and after three minutes exercise of treadmill running.
The conditioned group was tested after an additional two minutes of exercise. The nicrospheres (approximately 7.5 x 105) were injected into the
left ventricle over 20 seconds while a reference blood sample was withdrawn
for 75 seconds at a rate of one ml. per minute.
After the final microsphere injection, one ml. of euthanasia
solution was given to the sows.

They were then dissected and the organs

and tissues were placed in disposable aluminum pans and covered with ten
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percent formalin for several hours prior to carbonization.

The formalin

facilitated removal of the tissues from the pans after carbonization.
The pans were then placed in a vented oven at 325° for at least 72 hours.
After cooling, the samples were ground and blended into a powder and distri
buted into vials to a height of three cm..

The vials were then placed

in a gamma counter (Packard, Auto-Gamma Scintillation Spectrometer) and
the activity of the microspheres counted.
In addition to microsphere analysis, maternal organs and fetuses
were weighed separately.

The maternal growth rate was estimated by sub

tracting maternal weight at the beginning of the study (ten days gestation)
from term maternal weight (total maternal weight minus fetal and placental
weights) and dividing by days in the study.

Results

Maternal and Fetal Weight
Table 1 lists differences in weights of the uterus, heart, fetus.
and daily maternal food consumption for 19 control and 20 experimental
animals.

To adjust for litter size between the two groups, analysis of

covarience was used to test statistical significance.

The average mean

fetal weight was significantly less for the conditioned group (79.96 gms. ±
2^88 gms.) than for the control group, (89.59 gms. ± 2.95 gms.)

The pla

cental weight adjusted for litter size was also smaller in the conditioned
group although not significantly different.

There was no significant

difference in the maternal weight (minus the fetus and placenta) between
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the control group and the conditioned group.

In addition, there was no

significant difference between the two groups in average maternal weight
gain per day (without fetus and placenta), nor in average food consumption.
For the maternal organs, the heart displayed the only significant
difference in weight between the two groups (2.24 ± .08 gms. for the con
trol and 2.51 ± .08 gms. for the conditioned group).

Table 1
Comparison of Weights for Maternal Organs
And Fetuses Adjusted for Litter Size

Mean weights adjusted
for liter size

Control
adjusted mean

fetus

89.59 ± 2.95

79.96 ± 2.88

P <, 05

uterus

28.37 ± 2.69

25.82 ± 2.62

N.S.

Conditioned group
with adjusted mean

f-test

placenta

4.98 ±

.28

4.40 ±

.27

N.S.

maternal
heart weights

2.24 ±

.88

2.51 ±

.80

P<, 05

2.74 ±

. 44

2.52 ±

.27

N.S.

average maternal
weight gain/day
(w/o fetus and
placenta)
Average daily
maternal food
consumption

51.2

± 2.7

44.8

± 1.6

N.S.
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Blood Flow Changes in Exercise
Maternal cardiac output measurements were made for the conditioned
group at rest, at three minutes of exercise, and at five minutes exercise.
However, in the control group, measurements were made only at rest and
three minutes exercise because further exercise resulted in exhaustion
in many of the sows.
When the control and conditioned groups were compared with each
other at the same level of exercise, there were no significant differences
in blood flow responses.

However, exercise produced significant changes

in the distribution of cardiac output in both groups.

Figure one shows

the relation between time exercised and percent cardiac output perfusing
various organs.

Duncan’s multiple change test for unequally replicated

means was used to test for significant differences (Duncan, 1957).
Blood flow to the muscles in both control and conditioned groups
increased from 7.45 percent of cardiac output at rest to 23.65 percent
at three minutes exercise.

Blood flow increases were also seen in the

brain and heart, but these changes were not significant.
Significant decreases in blood flow were seen in the gastrointest
inal tract, uterus, placenta, kidneys and spleen.

The blood flow to the

gastrointestinal tract decreased from an average of 18.55 percent in both
groups to an average of 10.8 percent of cardiac output after three minutes
of exercise.

Placental blood flow decreased from an average of 8,4 percent

cardiac output to 4.4 percent after three minutes exercise.

Myometrial

blood flow decreased from an average of 1.1 percent to 0.6 percent after
three minutes of exercise.

Cardiac output to the kidneys decreased from an

average of 9.2 percent blood flow to 6.3 percent.
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Total cardiac output (Figure two) showed a wide individual range
in all groups.

The average cardiac output in the conditioned group was

approximately 40 ml./min./kg. higher than the control group at rest.
three minutes exercise, cardiac output in the conditioned group rose
slightly but insignificantly, while in the control group, it did not
change.
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Discussion

Maternal Effects
Maternal weights of the conditioned group averaged less than those
in the control group; however, when fetal and placental weights were sub
tracted from total maternal weights, there was no significant difference
in maternal weights between both groups.

The food consumption was slightly

greater in the control group, but when adjusted for litter size, no signif
icant difference existed.

This data implies that exercise itself does not

directly affect maternal growth rate, nor can decreased food consumption
account for decreased fetal weight within the experimental group.
The organ weights showed varying results; muscles, lungs, kidneys
and heart averaged greater weight in the conditioned group, although the
heart was the only significant increase between the two groups.

The

increased heart weight indicates possible cardiac hypertrophy with con
ditioning.

This supports previous myocardial cellular hyperplasia that

has been found in rats after conditioning (Seheuer, 1977),

Fetal Effects
Maternal exercise of 45 minutes per day resulted in significant
decreased fetal weight and slight decreases in placental weight.

This is

in agreement with Terada (1974) who found decreased fetal weight and
delayed bone ossification in pregnant rats exercised 30 minutes per day.
Gilbert and others also found decreased fetal weights from maternal
exercise of 60 minutes per day in guinea pigs (Gilbert, 1979).

These

results imply delayed development in fetuses subjected to chronic maternal
exercise, and the causal mechanism for this delayed development warrants
further investigation.
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Blood Flow Changes
Previous experiments have shown redistribution of cardiac output
during exercise which increases oxygenation to the exercising muscles
(Chapman; Mitchell, 1965).

Recent animal studies have demonstrated

decreased uterine blood flow during exercise in pregnancy,

Longo found

a 59 percent decreased uterine blood flow in both non~trained and trained
pregnant ewes from exercise of 20 to 45 minutes duration (Longo; Hewitt;
Lorijn; Gilbert, 1978).

Clapp found a 28 percent decrease in uterine

blood flow when pregnant ewes were exercised to exhaustion (Clapp, 1980).
Decreased fetal PO2 has been found during exercise in sheep and pygmy
goats to indicate fetal hypoxia due to exercise (Longo, 1978; Emmanouildes,
1972).
The present investigation found significant changes in blood
distribution as a response to three minutes of exercise in pregnant guinea
pigs.

The result of this study along with other recent investigations

indicate potential hypoxia to the fetus due to uterine shunting with
response to exercise.

Blood flow to the exercising muscles increased from

five percent at rest to 25 percent during exercise while blood flow to the
gastrointestinal tract decreased 40 percent.

Placental, myometrial and

spleenic blood flow decreased approximately 50 percent in the experimental
and control group.

Kidney blood flow decreased 20 percent in the condi-

tioned group, while in the control, blood flow decreased 45 percent.

These

changes could account for decreased fetal weight found with chronic exer
cise.
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It has been found that increased catecholamines occur during
muscular activity (Canon, 1924), and since catecholamines are potent vaso
pressors, they may potentiate the effect of the sympathetic nervous sys
tem and contribute to vasoconstriction of the vessels, including the
uterine artery.
Total cardiac output showed wide individual differences in all
groups (150mg,/kg./min. to 300mg,/kg./min.).

This lack of consistency

may be due to the femoral catheter leaning against the wall of the artery
upon blood withdrawal, and thus, not receive the main flow of microspheres
flowing through the central aspect of the artery.

Conclusion
Decreased uterine blood flow was observed in conditioned and nonconditioned pregnant guinea pigs after exercise of three minutes duration.
In addition, decreased fetal weight was observed in a group of guinea pigs
exercised 45 minutes per day during pregnancy.

If fetal hypoxia is pro

duced with prolonged maternal exercise, this has important implications
during pregnancy for the fetus and warrants further investigation.

.
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Chapter IV

Summary, Conclusions, Recommendations

Summary and Conclusion

The purpose of the study was to analyze the effect of prolonged
exercise on blood flow in pregnant guinea pigs using a true experimental
design.

Twenty-six guinea pigs were exercised on a rodent treadmill 15

minutes, three times daily from the 10th - 60th days of gestation (67
days being term) and compared with 25 control animals not exercised.
main hypothesis were tested:

Three

(1) guinea pigs exercised during pregnancy

would show decreased (a=.05) birth weight in their offspring, (2) there
would be an increase (ct=.05) in blood flow to the muscles of exercising
guinea pigs, and (3) there would be a decrease (a=.05) in blood flow to
the uterus in exercising pregnant guinea pigs when compared to the resting
state.

Aspects measured included maternal food consumption, maternal

and fetal weight gain, and the weight of maternal organs near term after
conditioning.

Blood flow to the maternal organs were measured via micro

sphere technique in both experimental and control groups at rest and after
three minutes of exercise.
areas relevant to the study.

A review of the literature covered three major
These included the physiology and bodily

adaptations of exercise, the effect of exercise during pregnancy, and
recent studies concerning exercise during pregnancy in both humans and
animals.

Although decreased fetal weight had been observed from prolonged

maternal exercise in animals, the causal mechanism had not been determined
and warranted further investigation.
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The article reporting the body of this research was submitted
to the Perinatal Biology Research Department at Loma Linda University,
and comprised the third chapter.

The details of the method and procedures

for data collection and calculations were described.

The blood flow to

various organs during exercise in the guinea pig were plotted against
time exercised in both experimental and control guinea pigs.

Nineteen

controls and 20 exercised animals were included in the study.

In this

investigation, the exercising muscle showed significant increases in
blood flow during exercise while the gastrointestinal tract, kidneys.
myometrium and placenta showed significant decreased blood flow.

Blood

flow to the heart and brain increased somewhat, but not significantly
so.

Although differences in blood flow between the control and experi-

mental groups at the same level of exericse were not significant, the
change in flow from the resting state to three minutes exercise showed
significant and interesting results.

Blood flow to the exercising muscles

increased threefold during exercise while blood flow to the gastrointest
inal tract decreased 40 percent among the exercise group and slightly
more in the control group.

Placental and myometrial blood flow decreased

approximately 50 percent in both groups.
This study also showed a significant decrease in fetal weight
as a result of maternal exercise of 45 minutes per day.

This is in agree

ment with previous studies of maternal exercise and fetal weight gain.
which showed decreases in weight after 30 minutes of exercise (Gilbert,
Nelson, Longo, 1979; Terada, 1974).
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Implications for Nursing

Although animal studies cannot be directly related to humans.
there are important implications for prenatal education.

Preventive pre

natal education plays an important role within the health care system
and strives to maximize the positive outcome of pregnancy for both the
mother and infant.

The results of this study suggest a need for modera

tion in exercise during pregnancy.

According to this study, prolonged.

strenuous exercise greater than 30 minutes could lead to change in pla
cental blood flow with potential hypoxia for the fetus, and decreased
birth weight.

Basic research such as this study, gives nurses a scienti

fic basis for developing health education during the prenatal period.

Recommendations for Further Research

It is important that research studies be repeated to add further
validity to the hypothesis that prolonged exercise during pregnancy causes
decreased blood flow to the uterus and decreased fetal weight.
time more animal research is needed.

At this

Recommendations for further research

that arise from this study are:
1.

Repeat this study using guinea pigs who have been conditioned

prior to pregnancy to reveal any adaptations previous conditioning may
offer the pregnant sow.
2.

Repeat this study using a larger animal such as sheep where

more direct measurements during exercise can be made.

By passing catheters

directly into the fetal circulatory system prior to experimentation, mea
surements such as fetal POz, PCO2 and ?h can be measured during exercise.
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Repeat this experiment using animals that are normally more

active such as dogs.

This would more closely simulate humans than the

animal who must be trained to run such as sheep or guinea pigs.
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Polyethaline Tubing,

1.

Materials;

The following describes the polyethelene tubing
preparation for the catheters in the guinea pigs,
(1) for the femoral artery, and (2) for the left
ventricle.

Tubing- PE 10 and PE 50

Cut 85cm of the PE 50 and about 2 inches of the PE 10.
Slide the PE 10 tubing into the PE 50 tubing about 1/2 inch.
Using 4-0 silk ties, tie the ties in two places; a) on the PE 50
rubing just above the PE 10 tubing at the end of the PE 10 and b)
at the end of the PE 50 tubing.

PE 10
PE 50

TIES

Snug the ties down tight enough to keep the PE 10 from slipping out
but not tight enough to completely close off the tubing.
Dab the knots with super flue to keep them from coming undone.
Check the catheter with water.

2.

Materials;

Tubing- PE 10 and PE 50

Measure out 85cm of the PE 50 tubing - DO NOT CUT YET.

Then move

one inch out from that and by grasping the tubing in each hand,
stretch the tubing until it almost breaks.
in the middle of the stretch.

Then cut the tubing

Measure the next piece of tubing from

where the stretching ends so you get 85 cm of unstretched tubing.

CUT
TWO CATHETERS.

Use 23 G HUBS ON BOTH OF THESE CATHETERS!
MAKE 25 CATHETERS EACH PER WEEK (50 TOTAL/WEEK)

Measure next 85cm
from here not from
stretched end.

TISSUE WEIGHT DATA
EXPERIMENT

DATE

FILE ID

ANIMAL

FETAL WEIGHT (G)

FILE NO.

WEIGHTS

ORGAN
organ name

empty cont.

cont.+organ

ORGAN
cont.+ash

tube 1 empty tube 2 empty tube 3 empty
tube 14-ash

tube 2+ash

tube 3+ash

Example of Tissue Data Sheet
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WEIGHTS

